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(54) A fuel injection control device for engines 

(57) The fuel injection control device for engines 
minimizes variations of the pressure of the common rail 
(2) that stores fuel, by equalizing the amount of fuel de- 
livered by pump chambers(26a,26b,26c,26d) of the fuel 
pump(8). For example, the common rail pressure that 
has fallen as a result of fuel injection by the secondly- 
operated injector is recovered to the pressure Pf(2) by 
the fuel delivered from the pump chamber(8) containing 
the thirdly-operated piston. The difference between the 
recovered pressure Pf(2) and the common rail pressure 
Pf(1 ) that was recovered following the preceding fuel in- 
jection has a correlation with the amount of fuel deliv- 
ered from the corresponding pump chamber In this way, 
based on the difference between the common rail(2) re- 
covery pressures provided by the fuel delivered from the 
successively operated pump chambers, the amount of 
fuel delivered from each pump chamber is regulated to 
control the recovered common rail pressure. 



FIG. 11 
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Description 

[0001 ] The present invention relates to a fuel injection 
control device for engines with a common-rail type fuel 
injection system which stores in a common rail a fuel 
pressurized to a predetermined pressure by a fuel pump 
and injects the stored fuel from injectors into combustion 
chambers. 

[0002] As for the fuel injection control in engines, a 
common-rail type fuel injection system has been known 
which provides a high injection pressure and performs 
optimum control on injection characteristics, such as fu- 
el injection timing and the amount of fuel injected, ac- 
cording to the operating condition of the engine. The 
common-rail type fuel injection system is a fuel injection 
system that stores in the common rail a fuel pressurized 
to a predetermined pressure by a pump and then injects 
the stored fuel from injectors into corresponding com- 
bustion chambers. To ensure that the pressurized fuel 
will be injected from each injector under optimum injec- 
tion conditions according to the engine operating condi- 
tions, a controller controls the fuel pressure in the com- 
mon rail and the operation of control valves for the in- 
jectors according to the operating conditions of the en- 
gine. 

[0003] The conventional common-rail type fuel injec- 
tion system will be described by referring to Figure 11. 
The fuel is supplied to individual injectors 1 from a com- 
mon rail 2 through branch pipes 3 that form a part of the 
fuel passage. The fuel, which was pumped by a feed 
pump 6 from a fuel tank 4 through a filter 5 and pressu- 
rized to a predetermined pressure, is delivered to a fuel 
pump 8 through a fuel pipe 7. The fuel pump 8 may, for 
example, be a so-called plunger type fuel supply pump 
driven by the engine which raises the fuel pressure to a 
high pressure determined by the operating condition of 
the engine and delivers the pressurized fuel through a 
fuel pipe 9 to the common rail 2. The fuel is then stored 
temporarily in the common rail 2 at the elevated pres- 
sure, from which it is supplied to individual injectors 1 . 
Normally there are provided two or more injectors 1 cor- 
responding in number to cylinders in the engine (or ac- 
cording to the type of engine). These injectors 1 are con- 
trolled by a controller 12 to inject fuel supplied from the 
common rail 2 into the corresponding combustion cham- 
bers in optimum amounts and at optimum timings. Be- 
cause the pressure at which the fuel is injected from the 
injectors 1 is equal to the pressure of the fuel stored in 
the common rail 2, the injection pressure is controlled 
by controlling the fuel pressure in the common rail 2. 
[0004] The fuel flowing from the feed pump 6 into the 
fuel pump 8 is controlled by a flow control valve 10. Of 
the fuel supplied from the branch pipes 3 to the injectors 
1 , the fuel that was not used for injection into the com- 
bustion chambers is returned to the fuel tank 4 through 
a return pipe 11 . The controller 1 2 as an electronic con- 
trol unit (ECU) is supplied with information on the engine 
operating condition from various sensors, which in- 



clude: engine cylinder determination and crank angle 
sensors for detecting an engine revolution speed Ne, 
determining the cylinders into which the fuel needs to 
be injected and calculating the injection timing; an ac- 

5 celerator opening sensor for detecting the accelerator 
control input Acc such as an accelerator depression; a 
water temperature sensor for detecting the cooling wa- 
ter temperature; and an intake pipe inner pressure sen- 
sor for detecting the inner pressure of the intake pipe. 

10 The controller 12, based on these signals, controls the 
fuel injection characteristics of the injectors 1, i.e., the 
fuel injection timing and the amount of fuel to be injected 
(injection pressure and injection period) so that the op- 
eration characteristics such as engine output, exhaust 

15 gas and mileage will become optimum for the current 
engine operating condition. The common rail 2 is pro- 
vided with a pressure sensor 1 3 which detects the fuel 
pressure in the common rail 2 and sends the detection 
signal to the controller 1 2. Once the fuel is injected from 

20 the injectors 1 , the fuel in the common rail 2 is consumed 
reducing the pressure in the common rail 2. The con- 
troller 12 controls the flow control valve 10 to regulate 
the amount of fuel delivered by the fuel pump 8 to the 
common rail 2 so as to maintain the fuel pressure in the 

2B common rail 2 at a preset pressure. 

[0005] An example of the conventional fuel injection 
control device for internal combustion engines is dis- 
closed in Japanese Patent Laid-Open No. 50649/1988. 
This fuel injection control device for internal combustion 

30 engines comprises a common rail of a certain volume, 
a fuel supply pump to deliver fuel to the common rail 
through the fuel supply passage, fuel injection valves to 
inject fuel supplied to the common rail into the combus- 
tion chambers, a flow regulating valve to regulate the 

35 amount of fuel flowing from the fuel tank to the fuel sup- 
ply pump, a pressure detection means to detect a com- 
mon rail pressure, an operating condition detection 
means to detect the operating condition of the internal 
combustion engine, a pressure setting means to set a 

40 target pressure of the common rail based on the result 
of detection by the operating condition detection means, 
and a pressure control means to control the flow regu- 
lating valve according to the result of detection by the 
pressure detection means and also control the common 

45 rail pressure to the target pressure. 

[0006] With the fuel injection control device for inter- 
nal combustion engines disclosed in the above official 
gazette, a flow control valve for controlling the fuel flow 
from the fuel tank is installed at the suction side of the 

50 fuel supply pump that supplies a high-pressure fuel to 
the fuel injection valves through the fuel supply passage 
including the common rail. The flow control valve is con- 
trolled by the pressure control means to eliminate the 
deviation between the target fuel pressure in the fuel 

55 supply passage, which is set according to the result of 
detection by the engine operating condition detection 
means, and the actual fuel pressure in the fuel supply 
passage. The control of fuel flow performed by the flow 
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control valve is done by changing the cross section of 
the fuel passage or by controlling , the duty, ratio to 
change the valve opening time. When the actual fuel 
pressure in the fuel supply passage is detected to be 
higher than the target fuel pressure by more than a pre- 
determined threshold range, the flow control valve per- 
forms control to reduce the fuel flow to the fuel supply 
pump. This in turn reduces the fuel flow delivered by the 
fuel supply pump to the common rail, resulting in an im- 
mediate reduction in the fuel pressure in the pressure 
accumulation chamber. 

[0007] The fuel supply pump used in the above fuel 
injection control device has a stationary shaft fixedly 
supported in a pump casing, a rotor turning around the 
stationary shaft, and a ring rotatably supported on the 
pump casing through a bearing. The rotor has many ra- 
dial pistons arranged radially therein and shoes inserted 
between each radial piston and the ring that rotate with 
the radial pistons. The stationary shaft is formed with a 
suction port communicating with the flow regulating 
valve and a delivery port communicating with the com- 
mon rail. As the rotor turns, the cylinder chambers in 
which each radial piston reciprocates are brought into 
communication with the suction port and the delivery 
port alternately. The alternate communication is syn- 
chronized with radially outward or inward displacement 
of the radial pistons causing the fuel to be discharged 
from the delivery port. 

[0008] How the common rail pressure changes is 
shown at the common rail pressure P in the graph of 
Figure t. The graph of Figure 1 represents a four-cylin- 
der engine with a one-to-one correspondence between 
each pump chamber and the injector of each cylinder 
into which the fuel is to be injected. The cylinder deter- 
mination sensor generates a cylinder determination sig- 
nal (REF signal) at a position 120° crank angle before 
the top dead center of No. 1 piston (firstlynDperated pis- 
ton). A before-top-dead-center sensor generates a be- 
fore-top-dead-center (BTDC) signal at a position 60° 
crank angle before the top dead center for each piston. 
[0009] Immediately before the pistons reach their top 
dead centers one after another, a drive pulse to drive an 
on-off valve such as a needle valve that directly controls 
the fuel injection from the injector corresponding to the 
cylinder of interest is generated. A drive pulse Ipl fed to 
No. 1 injector (firstly -ope rated injector) corresponding 
to No. 1 cylinder (firstly-operated cylinder) activates the 
firstly-operated 'injector. When the firstly-operated injec- 
tor injects fuel, the common rail pressure decreases as 
shown at Pdl. When the fuel injection from the firstly- 
operated injector is finished, however, No. 2 piston (sec- 
ondly-operated piston) of the fuel pump that has already 
entered the delivery process delivers the fuel from No. 
2 pump chamber (secondly-operated pump chamber) 
and thus the common rail pressure recovers as shown 
at Pf(1 ). Next, as a drive pulse Ip2 is sent to No. 2 injec- 
tor (secondly-operated injector) to inject fuel, the com- 
mon rail pressure falls again as shown at Pd2. But be- 



cause the fuel is delivered from No. 3 pump chamber 
(Ihirdly-operated pump chamber), the common rail pres- 
sure recovers again as shown at Pf(2). In this way, the 
common rail pressure repeats the process of falling as 
5 a result of fuel injection performed successively by the 
injectors (as shown at Pd1, Pd2, Pd3, Pd4) and then 
recovering by the fuel delivery from the pump chambers 
of the fuel pump (as shown at Pf(1), Pf(2), Pf(3), Pf(4)). 
[0010] In the common-rail type fuel injection device 
10 which controls the fuel flow from the pump by means of 
a pump inlet flow control valve and which uses a plurality 
of pump chambers operated successively at each fuel 
injection from the injectors, pressure variations are 
caused in synchronism with the pump rotation period by 
15 variations specific to the individual pump chambers 
such as dimensional variations and operation timing 
variations. The dimensional variations include those of 
the pistons and cylinders, of the slits and other portions 
of the flow control valves, and of the fuel passages and 
20 check valves corresponding to the individual pump 
chambers of the fuel pump. That is, as shown at the 
common rail pressure P in the graph of Figure 1 , the 
common rail pressure that is recovered by the fuel de- 
livered by the successively activating pump chambers 
25 is not constant on each recovery but differs from one 
recovery to another, varying in synchronism with the 
pump rotation period. The similar phenomenon occurs 
also when the flow control valve is installed at the deliv- 
ery side of the fuel pump. The fuel injection control de- 
30 vice disclosed in the above official gazette, however, 
does not consider the variations among the cylinders of 
the fuel supply pump and the resulting common rail 
pressure variations. 

[0011] When there are variations in the amount of fuel 

35 delivered, the pressure at which the fuel starts to be in- 
jected differs among the cylinders from the target injec- 
tion pressure even when the engine is running in a 
steady state. If the common rail pressure, which is re- 
covered by the fuel delivered from the fuel pump having 

40 a plurality of pump chambers, varies from one recovery 
to another the engine output is likely to vary especially 
when engine revolution speed is low, causing engine vi- 
brations and noise, leading to increased exhaust emis- 
sions. This tendency is significant particularly when the 

^5 engine is idling. Hence, to reduce variations in the 
amount of fuel injected from the injectors and stabilize 
the rotation of the engine output shaft during the idling 
to reduce engine vibrations and noise and prevent de- 
terioration of exhaust emissions, there are demands for 

50 equalizing the amounts of fuel delivered successively 
from individual pump chambers of the fuel pump to re- 
duce variations in the recovery pressure of the common 
rail after each fuel injection. 

[0012] The aim of this invention is to solve the above 
55 problems and to provide a fuel injection control device 
for engines which-based on that fact that in a common- 
rail type fuel injection system variations of the common 
rail pressure recovered following the pressure drop 
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caused by fuel injection have a correlation with varia- 
tions of the amount of fuel delivered by each piston-cor- 
rects the operation of the flow control valve at a timing 
that the corresponding piston is in a suction stroke ac- 
cording to the deviation of the recovered common rail 
pressure so as to equalize a common rail pressure. 
[001 3] This inventbn relates to a fuel injection control 
device for engines which comprises: a common rail to 
store fuel delivered by a fuel pump; injectors to inject 
fuel supplied from the common rail into combustion 
chambers; a pressure sensor to detect a pressure of the 
common rail; and a controller to control the amount of 
fuel delivered from the fuel pump according to the pres- 
sure of the common rail detected by the pressure sen- 
sor; wherein the fuel pump has pump chambers that are 
successively activated to deliver fuel each time the in- 
jectors have injected fuel; wherein, based on the differ- 
ence between the common rail recovery pressures pro- 
vided by the fuel delivered from two successively oper- 
ated pump chambers of the fuel pump, the controller 
controls the amount of fuel delivered by the second-op- 
erated of the two pump chambers in order to minimize 
variations of the common rail pressure. 
[0014] Because this fuel injection control device is 
constructed as described above, when the common rail 
pressures that are recovered by the fuel delivered from 
the successively operated two of the pump chambers of 
the fuel pump differ from each other, this pressure dif- 
ference has a correlation with the amounts of fuel deliv- 
ered from the two successively operated pump cham- 
bers. Hence, based on the pressure difference, the 
amounts of fuel to be supplied to the pump chambers 
are controlled to equalize the amounts of fuel delivered 
from these pump chambers, thus reducing the varia- 
tions of the common rail pressure. This in turn stabilizes 
the amounts of fuel injected from the injectors that re- 
ceive fuel from the common rail, contributing in particu- 
lar to stabilization of the engine output shaft rotation dur- 
ing idling, reducing the engine vibrations and noise and 
preventing deterioration of exhaust emissions. 
[0015] The control on the amount of fuel delivered by 
the fuel pump is performed by controlling a flow control 
valve provided on the inflow side of the fuel pump to con- 
trol the amount of fuel supplied to the pump chambers. 
Changing the amount of fuel supplied to each pump 
chamber of the fuel pump as by controlling the opening 
of the flow control valve changes the amount of fuel de- 
livered from the corresponding pump chamber. 
[001 6] An operation state detection means for detect- 
ing an operating state of the engine is provided, and the 
controller determines a target pressure of the common 
rail based on the operating state of the engine detected 
by the operation state detection means and controls the 
flow control valve to match the pressure of the common 
rail with the target pressure. Generally, the common rail 
target pressure is determined according to the operating 
state of the engine, i.e., whether the engine is in a non- 
steady state such as acceleration or deceleration, or to 



the magnitude of load, and the flow control valve is con- 
trolled so that the common rail pressure will match the 
target pressure. 

[0017] Further, the control on the amount of fuel de- 

s livered from the fuel pump based on the difference be- 
tween the recovered common rail pressures is per- 
formed when the engine operation state detected by the 
operation state detection means indicates idling and the 
target pressure of the common rail is equal to or less 

io than a predetermined threshold value. As described 
earlier, the effects the common rail pressure variations 
have on the engine revolution speed variations are 
greatest during the idling. Hence, by performing the 
common rail pressure equalization control based on the 

is difference between the successive common rail recov- 
ery pressures at least when the engine is idling and is 
in a stable state where the common rail target pressure 
does not change in excess of the predetermined thresh- 
old range, the vibrations, noise and exhaust emissions 

20 characteristics can effectively be improved. One em- 
bodiment of the present invention will now be described 
by way of example only with reference to the accompa- 
nying drawings, in which:- 

[0018] Figure 1 is a graph showing drive pulses for 
25 injectors, common rail pressure, stroke of each piston 
of the fuel pump, and the operation of the flue control 
valve of the fuel injection control device of this invention, 
all these related to the engine cylinder determination 
signal and the BTDC signal. 
30 [0019] Figure 2 is a flowchart showing the main 
processing performed by the fuel injection control de- 
vice of this invention. 

[0020] Figure 3 is a flowchart showing an interrupt 
processing in the fuel injection control device of this in- 

35 vention generated by the cylinder determination signal. 
[0021] Figure 4 is a flowchart showing an interrupt 
processing in the fuel injection control device of this in- 
vention generated by the BTDC signal. 
[0022] Figure 5 is a flowchart showing the details of a 

40 fuel delivery equalization correction processing shown 
in Figure 4. 

[0023] Figure 6 is a flowchart showing the details of a 
processing, shown in Figure 4, for calculating a fuel de- 
livery equalization correction amount AU. 

45 [0024] Figure 7 is a flowchart showing the details of a 
common rail pressure control processing. 
[0025] Figure 8 is a conceptual diagram for controlling 
the fuel flow delivered from the fuel pump in the fuel in- 
jection control device for engines of this invention. 

so [0026] Figure 9 is a vertical cross section, taken along 
the line A- A of Figure 10 and seen in the direction of the 
arrow, of the fuel pump applied to the fuel injection con- 
trol device for engines of this invention. 
[0027] Figure 10 is a transverse cross section of the 

55 fuel pump taken along the line B-B of Figure 9. 

[0028] Figure 11 is a schematic diagram of a com- 
mon-rail type fuel injection system. 
[0029] One embodiment of the fuel injection control 
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device of the present invention will be described by re- 
ferring to the accompanying drawings. 
[0030] The system that applies the control device of 
this invention may use the common-rail type fuel injec- 
tion system shown in Figure 11 . Thus, the constitutional 
elements identical with those used in Figure 11 are as- 
signed like reference numerals and their repetitive ex- 
planations are omitted. 

[0031] Referring to Figures 9 and 10, a variable dis- 
placement fuel pump will be explained. The fuel pump 
has a drive shaft 16 rotatably supported through bear- 
ings 17 in its pump body 15 so that the drive shaft 16 
can be driven by the engine with its speed reduced to 
one-half that of the engine. Mounted on the drive shaft 
16 at axially spaced positions are two cams 18, 1 9 hav- 
ing circular outlines offset with respect to the drive shaft 
16. The cams 18, 19 comprise cam plates 20 mounted 
on the drive shaft 16 T rings 21 disposed around the cam 
plates 20 and needle bearings 22 inserted in annular 
spaces between the cam plates 20 and the rings 21. 
Thus, the rings 21 are rotatable around the cam plates 
20 through the needle bearings 22. 
[0032] For each of the cams 1 8, 1 9 there are two sim- 
ilar pump mechanisms arranged opposite each other on 
both sides of the drive shaft 16. That is, a total of four 
pump mechanisms are installed. Now one of the pump 
mechanisms will be explained with a reference symbol 
(a) attached to its reference numbers and the descrip- 
tion of this pump mechanism also applies to other pump 
mechanisms (b, c, d) unless otherwise specifically stat- 
ed. Each pump mechanism has its cylinder block 23a 
arranged at one of the opposed positions with the drive 
shaft 16 interposed between. The cylinder block 23a is 
formed with a cylinder bore 24a extending radially out- 
wardly. The cylinder bore 24a and a piston 25a sliding 
in the cylinder bore 24a form a pump chamber 26a. 
Thus, the fuel pump 8 is a piston-reciprocating type 
pump having four sets of cylinder and piston. 
[0033] The means that varies the amount of fuel de- 
livered by the fuel pump 8 is a fuel control valve 10 that 
controls the fuel flow supplied to the fuel pump 8. The 
fuel control valve 10 comprises a valve disk 27 of open- 
ing adjust type and a motor 28. The motor 28 is connect- 
ed through a connector 29 to the controller (electronic 
control unit ECU) 12 and receives a control signal from 
the controller 1 2 to rotate the valve disk 27 and thereby 
control the amount of fuel delivered by the fuel pump 8. 
The valve disk 27 has two concentric cylindrical bodies 
30, 31, with the inner cylindrical body 30 secured to the 
output shaft of the motor 28 and the outer cylindrical 
body 31 to the pump body 15. 

[0034] The outer cylindrical body 31 is formed with a 
hole 33a communicating with the corresponding pump 
chamber 26a through an inflow passage 32a formed in 
the pump body 1 5 and the cylinder block 23a. The inner 
cylindrical body 30 is formed with a slit 34a at a position 
corresponding to the hole 33a of the outer cylindrical 
body 31 . A fuel inlet 35 formed in the pump body 1 5 com- 



municates with a fuel supply hole 36 formed in the outer 
cylindrical body 31 and with a fuel supply hole 37 formed 
in the inner cylindrical body 30. The fuel, which is pres- 
surized to a low pressure and supplied from the fuel inlet 

s 35 into the pump body 1 5 by the feed pump 6. flows Into 
the inner cylindrical body 30 through the fuel supply hole 
36 of the outer cylindrical body 31 and the fuel supply 
hole 37 of the inner cylindrical body 30. 
10035] Rotation of the output shaft of the motor 28 

10 controls the rotation angle of the inner cylindrical body 
30 with respect to the outer cylindrical body 31 . The fuel 
that has entered into the inner cylindrical body 30 is me- 
tered by the opening area of the slit 34a of the inner 
cylindrical body 30 as seen from the hole 33a of the out- 

*s er cylindrical body 31 , and is supplied through the inflow 
passage 32a to the corresponding pump chamber 26a. 
[0036] The piston 25a has a sliding contact plate 38a 
at its radially inner end and a coil spring 39 interposed 
between the sliding contact plate 38a and the cylinder 

20 block 23a urges the pislon 25a radially inwardly at all 
times. Hence, the sliding contact plate 38a will follow an 
outer circumferential surface 21a of the ring 21 of the 
corresponding cam 18, 19. 

[0037] In the cylinder block 23a, a check valve 40a is 
installed at the inlet side of the pump chamber 26a, i.e., 
in the inflow passage 32a and another check valve 41a 
is also provided at the outlet side of the pump chamber 
26a to restrict the fuel to flow only in the direction from 
the inflow passage 32a toward the outflow passage 42a. 

30 The outlet side of the pump chamber 26a communicates 
through the outflow passage 42a to a delivery port 43, 
which is connected to the common rail 2. The check 
valve 40a has a damper mechanism 44, in which a par- 
tition wall 48 that separates a first chamber 45 intro- 

35 duced with a pressure from the inflow passage 32a and 
a second chamber 46 accommodating a spring 47 is 
formed with an orifice 49 to damp unwanted vibrations 
of the check valve 40a. 

[0038] The outlines of the cams 18, 1 9 are so deter- 

40 mined that the four pump mechanisms successively 
perform the suction and delivery operation 90 degrees 
apart. In each pump mechanism, as the piston 25a 
moves radially inwardly in response to the operation of 
the cam 18, the pressure in the pump chamber 26a de- 

4S creases and when the fuel pressure difference between 
the inflow passage 32a and the pump chamber 26a be- 
comes higher than the force of the spring 47 of the check 
valve 40a, the check valve 40a opens admitting the fuel 
into the pump chamber 26a. Next, when the cam 18 

50 moves the piston 25a radially outwardly, the fuel pres- 
sure in the pump chamber 26a increases and acts to 
close the check valve 40a. When the pressure differ- 
ence between the outflow passage 42a and the pump 
chamber 26a becomes larger than the force of the 

55 spring 50 of the check valve 41 a on the outlet side, the 
check valve 41a opens allowing the fuel to be delivered 
from the delivery port 43 to the common rail 2. For ex- 
ample, if the fuel delivery from the pump chamber 26a 
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is made to -correspond to a recovery pressure Pf(1) of 
the commorrrail 2, then the fuel deliveries from the pump 
chambers 26c, 26b, 26d correspond to recovery pres- 
sures Pf(2), Pf(3), Pf(4) of the common rail 2. respec- 
tively. 

[0039] In the fuel pump 8 of this kind, as explained 
earlier, because the fuel delivered from each pump 
chamber 26a passes through the slit 34a, inflow pas- 
sage 32a, check valve 40a, check valve 41 a. pump 
chamber 26a and piston 25a, the amount of fuel deliv- 
ered varies among the different pump chambers, affect- 
ed by manufacture and assembly variations of these 
components. The proportion of this variation to the 
amount of fuel delivered increases as the amount of fuel 
delivered decreases. 

[0040] In Figure 1, as explained before, the BTDC 
(before-top-dead-center) sensor as an engine revolu- 
tion speed sensor and the cylinder determination sensor 
are used to detect the fuel injection timing and the pump 
delivery liming. The cylinder determination sensor is- 
suesasignal 120° before thetop dead center of the first- 
ly-operated cylinder. That is, in the case of a four-cylin- 
der engine, a cylinder determination signal REF is out- 
put once for each 720° crank angle. The BTDC sensor 
outputs a signal 60° before the top dead center for each 
cylinder. That is, in the case of a four-cylinder engine, a 
BTDC signal is output once for every 180° crank angle. 
[0041] Next, by referring to Figure 2, the fuel injection 
control processing performed by CPU will be explained. 
The main processing shown in Figure 2 performs initial- 
ization of CPU of the controller 1 2 (step SO), sensor sig- 
nal processing of the cylinder determination signal and 
the BTDC signal (step S1 ) : calculation of the amount of 
fuel to be injected (step S2), calculation of the fuel in- 
jection timing (step S3), and calculation of common rail's 
target pressure PF 0 (step S4). The target pressure Pf 0 
of the common rail, i.e., the target fuel injection pres- 
sure, is calculated from the amount of fuel to be injected 
and the engine revolution speed, both determined ac- 
cording to the engine operating condition, by using a 
preset injection pressure characteristic map. 
[0042] Figure 3 is a flowchart showing an interrupt 
processing generated by the cylinder determination sig- 
nal. As shown in Figure 3, in the signal processing at S1 
a REF signal interrupt is activated in synchronism with 
the cylinder determination (REF) signal to reset a cylin- 
der determination counter CNT (btdc) (step S5). The cyl- 
inder determination counter CNT (btdc) is counted cor- 
responding to each cylinder, from 0 to 3. Each time the 
fuel injection cycle is completed for all cylinders, the cyl- 
inder determination counter CNT (btdc) is reset. 
[0043] A BTDC signal interrupt is activated in syn- 
chronism with the BTDC signal. The BTDC signal inter- 
rupt performs the following processing according to the 
flowchart of Figure 4. 

(1) Engine revolution speed is calculated (step 
S10). 



(2) According to the value (0-3) of the cylinder de- 
termination counter CNT (btdc) at time of interrupt, 
the cylinder to be fuel-injected next is determined 
(step S11, S14, S17, S20); the injector processing 

5 is performed, i.e., the main injection pulse width is 
calculated (step S13, S16, S19, S23); and the main 
injection counter is set with the injection timing and 
\ the pulse width. At the same time, the fuel delivery 
equalization correction (step S12, S15, S18, S21) 

10 is performed and, when the value of the cylinder de- 
termination counter CNT (btdc) is 3, the fuel delivery 
equalization correction amount AU is calculated 
(step S22). Finally, the cylinder determination coun- 
ter CNT (btdc) is updated (at step S24, i.e., it is reset 

15 at step S5). The values (0-3) of the cylinder deter- 
mination counter CNT (btdc) correspond to the cyl- 
inders provided with firstly- to fourthly-operated in- 
jectors 1 , respectively. 

20 [0044] The fuel delivery equalization correction at 
step S1 2, S1 5, S1 8, S21 is performed as follows accord- 
ing to the flowchart of Figure 5: 

(1) Whether the engine is idling or not (step S30) is 

2S determined. For example, when the engine revolu- 
tion speed is found to be lower than a predeter- 
mined value and the accelerator depression smaller 
than a predetermined value, it is decided that the 
engine is idling. 

30 (2) When step 30 determines that the engine is 
idling, it is checked whether the change in the com- 
mon rail's target pressure Pf 0 is larger than the 
threshold value (i.e., the engine is not in a stable 
state but in a transient state) (step S31). 

35 (3) When step S31 determines that the change in 
the common rail target pressure Pf 0 is smaller than 
the threshold value and that the engine is in a stable 
state, the common rail fuel pressure, i.e., common 
rail pressure Pf(i) is read in (step S32), where i de- 

40 notes an injection sequence number 1 to 4 which is 
assigned to each injection after the cylinder to be 
fuel-injected is determined. The pistons of the pump 
that deliver fuel before each injection are also num- 
bered from 1 to 4 (Figure 1). 

45 (4) The pressure after the fuel delivery from the 
pump is almost constant until the next injection. The 
pressure deviation APf(i) between the pressure de- 
tected after fuel delivery from the pump and the 
pressure detected as a result of the previous BTDC 

50 signal interrupt is determined (step S33). It is as- 
sumed that Pf(0) = Pf(4) (previous pressure). 

APf(i) = Pf(i)-Pf(i-1) 

55 

For example, the common rail pressure that is 
read in for the processing of No. 2 injector is the 
common rail pressure Pf(1) after the fuel has been 
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delivered by No. 2 piston of the fuel injection pump. 
Then, the fuel delivery by No. 3 piston of the fuel 
injection pump recovers the common rail pressure 
to Pf(2). The pressure deviation APf(2) between Pf 
(2) and Pf (1 ) has a correlation with the difference s 
between the amounts of fuel delivery by No. 2 piston 
and No. 3 piston. 

(5) Next, the fuel delivery equalization correction is 
performed on the pump piston that is about to draw 
in fuel. Let us consider, for example, that fuel is 10 
about to be drawn into No. 3 pump chamber. The 
fuel thus drawn in is used to recover the pressure 
fall resulting from the injection of No. 2 injector in 
the next or later cycle (more precisely in the cycle 
after the next considering the time required for cal- is 
culation). The fuel delivery equalization correction 
amount AU(2) calculated using the APf(i) by step 
S44 in the flowchart of Figure 6 is written into AU 
(step S34). When the BTDC signal and the pump 
suction are not in phase, an appropriate delay 20 
needs only to be given to the correction amount 
write timing. 



[0045] The fuel delivery equalization correction 
amount AU is calculated as follows according to the 25 
flowchart of Figure 6: 

(1) It is checked whether the engine is idling (step 
S40). The decision is made in the same way as step 
S30. 30 

(2) When step S40 decides that the engine is idling, 
a check is made of whether the change in the com- 
mon rail target pressure Pf 0 is larger than the 
threshold value (i.e., the engine is not in a stable 
state but in a transient state) (step S41 ). 35 

(3) When step S31 decides that the change in the 
common rail target pressure Pf 0 is smaller than the 
threshold value and the idling state of the engine is 
stable, the calculation of the fuel delivery equaliza- 
tion correction amount AU(i) for each piston (i: 1 -4) 40 
is performed once for each rotation of the pump. 
The pressure deviation APf(i) determined for each 
pump cylinder by the fuel delivery equalization cor- 
rection routine of Figure 4 is multiplied by a gain G 
already obtained by experiments, and is then added 45 
to the correction amount AU(i) determined by the 
previous calculation (step S44). The calculated re- 
sult is used as a present new correction amount AU 

(i) as given by the equation below (step S42). 

so 

AU(i) = AU(i) + APf(i) x G 

(4) After the correction amounts A(i) have been ob- 
tained for M-4, the sum Usum of the correction 55 
amounts AU(i) is calculated from the equation be- 
low (step S43): 



Usum = AU(1) + AU(2) + AU(3) +AU(4) 

(5) Usum/4 is subtracted from each AU(i) and the 
resultant is used again to replace AU(i) (step S44). 

: AU(i) = AU(i) - Usum/4 

[0046] With this processing, the sum of the newly re- 
placed correction amounts becomes zero thus perform- 
ing only the correction that cancels the pressure varia- 
tion of the common rail, making it possible to prevent 
the common rail trend from producing a pressure 
change. 

[0047] The common rail pressure control is processed 
as follows according to the flowchart shown in Figure 7. 
That is, the following processing is performed by an in- 
terrupt triggered every 1 msec by a CPU-incorporated 
timer. 

(1) The AD-converted value of the common rail 
pressure detected by the pressure sensor provided 
in the common rail is read in (step S50). 

(2) The read value of step S50 is converted into the 
common rail pressure Pf (step S51). 

(3) The common rail target pressure Pf 0 is read in 
(step S52). 

(4) The deviation Pfe(k) between the common rail 
pressure Pf and the target pressure Pf 0 is deter- 
mined from the following equation (step S53). 

Pfe(k) = Pf 0 (k) - Pf(k) 

(5) The control input Upump of the pump flow con- 
trol valve is calculated based on PID control. First, 
the deviation Pfe(k) (k: 1-4) is integrated from the 
following equation (step S54). It is assumed that 
SUMPfe(0) = 0. 

SUMPfe(k) = SUMPfe(k-l) + Pfe(k) 

(6) A difference in the common rail pressure devia- 
tion Pfe(k) between the current cylinder and the cyl- 
inder into which the fuel was injected immediately 
before is determined (step S55). 

APfe(k) = Pfe(k)-Pfe(k-1) 

(7) The PID control for the deviation Pfe is per- 
formed as follows. That is, as to the proportional 
control, the deviation Re itself is multiplied by a pro- 
portional control coefficient Kp. As to the integral 
control, the sum SUMpfe(k) of the deviations Pfe(k) 
is multiplied by an integral control coefficient Ki. Fur- 
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ther, as for the differential control, the difference be- 
tween the deviations Pfe(k) is multiplied by a differ- 
ential control coefficient Kd. These are summed up 
to obtain Upid(k) (step S56). That is, 

Upid(k) = Kp x Pfe(k) + Ki x SUMPfe(k) + Kd x 
APfe(k) 

(8) Upid(k) is taken to be the control input Upump 
(k) for the flow control valve 10 provided on the in- 
flow side of the fuel pump 8 (step S57). 

(9) It is checked whether the engine is idling (step 
S58). The method of decision is the same as in step 
S30. 

(10) When the engine is found to be idling at S58, 
a check is made of whether the change in the com- 
mon rail target pressure Pf 0 is larger than the 
threshold (i.e., the engine is not stable but is in a 
transient state) (step S59). When the engine is de- 
termined to be in the transient state, the processing 
moves to step S62. 

(11) When step S59 decides that the change in the 
common rail target pressure Pf 0 is smaller than the 
threshold value and the engine is stable, the fuel 
delivery equalization correction amount AU deter- 
mined by step S34 of Figure 5 is read in (step S60). 

(1 2) The control input of the pump flow control valve 
Upump(k) determined by step S57 is subjected to 
the fuel delivery equalization correction as ex- 
pressed by the following equation and is used as 
the corrected control input (step S61). 

Upump(k) = Upump(k) + AU 

(13) The Upump(k) determined by step S61 is out- 
put to the flow control valve 10, terminating the 
1-msec-interval processing (step S62). 

[0048] Now, the opening of the flow control valve will 
be explained in detail. When for example the common 
rail pressure falls as a result of fuel injection from the 
secondly-operated injector 1 as shown at Pd2 in Figure 
1, the thirdly-operated piston in the delivery stroke de- 
livers the fuel from its pump chamber to the common rail 
2 to recover the common rail pressure. At this time, if 
the recovered pressure Pf (2) of the common rail 2 is low- 
er than the recovered common rail pressure Pf(1) that 
immediately follows the preceding fuel injection, this 
means that the amount of fuel delivered by the thirdly- 
operated piston is too small. Hence, after the fuel injec- 
tions in the firstly- to fourthly-operated cylinders have 
been completed and the common rail pressure devia- 
tions APf(i) after each fuel injection have been deter- 
mined, the flow control valve 10 is controlled in the next 
4-cylinder cycle in such a way as to increase the amount 
of fuel supplied into the pump chamber corresponding 
to the thirdly-operated piston when the thirdly-operated 
piston is in the suction stroke. Such an operation is suc- 
cessively repeated for each cylinder to avoid unneces- 



sary variations in the common rail pressure while the 
engine is idling. 

[0049] The fuel injection control device for engines of 
this invention, as shown in Figure 8, activates the fuel 

5 delivery equalization correction calculation means for 
the fuel pump based on the fuel pressure detection 
means, i.e., the pressure sensor 1 3, and the pump suc- 
tion/delivery timing detection means, i.e., the BTDC sig- 
nal, to minimize deviations between the common rail re- 

10 covery pressures provided by the fuel deliveries from 
different pump chambers. According to the result of the 
calculation of the correction amount and the result of de- 
tection by the fuel pressure detection means, the fuel 
injection control device controls the pump flow control 

*5 means, i.e., the opening of the flow control valve provid- 
ed on the inflow side of the fuel pump, in synchronism 
with the suction of each pump cylinder. 



1. A fuel injection control device for engines compris- 
ing: 

a common rail(2) to store fuel delivered by a 
fuel pump(8); 

injectors(1 ) to inject fuel supplied from the com- 
mon rail(2) into combustion chambers; 
a pressure sensor(13) to detect a pressure of 
the common rail(2); and 
a controlled 1 2) to control the amount of fuel de- 
livered from the fuel pump(8) according to the 
pressure of the common rail(2) detected by the 
pressure sensor(13); 

wherein the fuel pump(8) has pump chambers 
(26a,26b, 26c,26d) that are successively acti- 
vated to deliver fuel each time the injectors(1 ) 
have injected fuel; 

wherein, based on the difference between the 
common rail(2) recovery pressures provided by 
the fuel delivered from two successively oper- 
ated pump chambers of the fuel pump(8), the 
controller^ 2) controls the amount of fuel deliv- 
ered by the second-operated of the two pump 
cambers in order to minimize variations of the 
common rail pressure. 

A fuel injection control device for engines according 
to claim 1 , wherein the control on the amount of fuel 
delivered by the fuel pump(8) is performed by con- 
trolling a flow control valve(1 0) provided on the in- 
flow side of the fuel pump(8) to control the amount 
of fuel supplied to the pump chambers(26a,26b, 
26c,26d). 

3. A fuel injection control device for engines according 
to claim 1, wherein an operation state detection 
means for detecting an operating state of the engine 
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is provided, and the controller(1 2) determines a tar- 
get, pressure (Pf 0 ) of the common. rail(2) based on 
the operating state of the engine detected by the 
operation state detection means and controls the 
flow control valve(10) to match the pressure of the 5 
common rail(2) with the target pressure(Pf 0 ). 

A fuel injection control device for engines according i 
to claim 3, wherein the control on the amount of fuel 1 
delivered from the fuel pump(8) based on the differ- 10 
ence between the recovered common rail pres- 
sures is performed when the engine operation state 
detected by the operation state detection means in- 
dicates idling and the target pressure(Pf 0 ) of the 
common rail(2) is equal to or less than a predeter- is 
mined threshold value. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 11 
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